This paper aims to fill an apparent dearth of empirical studies that compare the efficiency of Islamic banks in Malaysia during their operation as Islamic windows and later transformation to full-fledged Islamic banks. Data obtained from the annual financial reports of the sampled banks is analyzed using the Data Envelopment Analysis (DEA) via DEAP 2.1 software to assess both the technical and scale efficiency of the banks under sample. Results obtained indicate that the banks have improved over the years in terms of both scale and technical efficiency although the former takes prominence. In general, the banks were found to be more efficient as Islamic windows compared to being full-fledged subsidiaries. This augurs well for the current disposition where, as per the Islamic Financial Service Act 2013, Islamic banks in Malaysia may now operate as full-fledged banks from their hitherto Islamic banking window status.
INTRODUCTION
The banking industry is arguably the most regulated in any part of the world. This may be due to a plethora of reasons including the nature of their product -money, as well as their dual but conflicting obligations of liquidity and profitability to their depositors and shareholders respectively. As such, the need for banks to be efficient cannot be discounted. As rightly noted by Sufian (2007b) , factors like globalisation, deregulation, financial innovation, etc and their consequential implication for financial stability advertises the need for banks to place performance upon themselves to sort through the often-impassioned arguments. Therefore, it is by design rather than happenstance that recently, numerous policies and academic attention has been placed on banks' efficiency (Hasan, Koetter, & Wedow, 2009 ). However, in contrast to the enormous researches on banking efficiency especially from the conventional perspective, a dearth of empirical studies from the Islamic banking perspective leaves a lacuna in the extant banking efficiency literature. This is rather ironical especially viewed against the backdrop of the monumental growth witnessed in the Islamic banking industry since the early 2000 (Laldin, 2008) .
The Islamic banking system (IBS) is gradually becoming a global phenomenon and it is incontrovertible that Malaysia is one of the major hubs of the burgeoning industry. In Malaysia for instance, Islamic banking operates in two folds and under two different acts vis. the Islamic Financial Services Act 2013 and the Financial Services Act 2014. As such, there are the full-fledged Islamic banks and conventional banks' Islamic window both of which have grown tremendously over the past years (Mokhtar, Abdullah, & Al-Habshi, 2006) . In a report by the Bank Negara Malaysia (Central Bank of Malaysia), Islamic banking sector has increased in total assets to RM 434.6 million 2011. This amounted to 22.4% of the total banking assets in the country as at the end of 2011 (Porter, 2012) .
Arguably, the gradual development witnessed in the Islamic banking industry is reflected in its ability to withstand financial crisis. According to Derbel, Bouraoui & Dammak (2011) , the effect of the 2007/2008 global financial crisis on the Islamic banks is relatively mild compared to the conventional banks. This arouses interest on whether these banks are more efficient compared to their conventional counterparts. In this regard, numerous studies have compared both types of banks in terms of some efficiency benchmarks. For instance, studies like Bader, Mohamad, Ariff & Hassan (2008) and Rafiuddin & Alam (2012) found that the Islamic banks are more profit efficient while the conventional banks are more cost efficient. This may not be unexpected given that either bank's operational philosophy differs.
1 However, an apparent lacuna is noted in lack of efficiency studies based on intra-banking system in which case, a full-fledged Islamic bank's efficiency is yet to be compared to its performance during operation as an Islamic window. This present study, therefore, aims to fill this gap in the context of the Malaysian banking industry.
The remaining of this paper is divided as follows. Immediately following this brief introduction is the literature review. This covers efficiency issues relating to Islamic banks, and the input and output variables used in the efficiency analysis of the study. Thereafter, the research methodology is discussed followed by the results of the analysis. The paper ends with a summary of major findings and the conclusion.
LITERATURE REVIEW

Malaysian Islamic Banks Efficiency Studies
As noted above a lot of studies have been conducted on bank efficiency and performance in the developed world. However, empirical studies on bank performance and efficiency in developing countries, especially emerging economies like Malaysia is relatively scarce. This is even more so in the context of Islamic banks. Most studies on Islamic banking efficiency compared Islamic banks with conventional banks. Samad (2009) was among the first researchers that conducted research on Malaysian Islamic banks efficiency. The study measured Islamic banks performance, in terms of profitability in comparison to their conventional counterparts using financial ratios as analysis tool. It compared efficiency of full-fledged Malaysian Islamic bank against conventional bank counterpart from 1992 to 1996. Samad (2009) established that conventional banks are more efficient in terms of managerial efficiency than the fully fledged Islamic bank. The study further examined productive efficiency and revealed that Islamic banks' average utilization rate is lower compared to conventional banks.
While still using financial ratios analysis, Samad (2004) also examined Malaysian Islamic banks efficiency performance over a longer period covering 1984 to 1997. The study concluded that Islamic banks are more efficient compared to conventional banks in terms of liquidity and risk vulnerability. However, the study mentioned that Islamic banks are still under-performing due to lack of management skills which affected their growth during the period covered. Samad (2004) further adds that Islamic bank is less profitable compared to conventional banks, which prove that Islamic bank is less efficient. However, the productivity test by loan recovery measure reveals that Islamic banks are highly efficient and that bad debt as a percentage of shareholders' fund, loans and deposits also indicates high superiority over the conventional banks. Sufian (2006) investigated Malaysian Islamic banking efficiency. The scope of the study spans three years from 2001 to 2004. The study used non-parametric Data Envelopment Analysis (DEA) methodology approach as analysis tool to compare Malaysian Islamic banks scale efficiency and technical efficiency. The study finds that Malaysian Islamic banks scale efficiency outweighs pure technical efficiency. The finding suggests that Malaysian Islamic banks are under-performing. It was further established that domestic Islamic banks are more technically efficient compared to foreign Islamic banks in Malaysia. The study revealed that inefficiency of foreign Islamic banks in Malaysia was as a result of more focus on scale rather than pure technical efficiency during the period. Sufian (2007a) expanded the scope of the study by including some risk factors into his analysis. The study revealed that Islamic banks scale inefficiency was as result of pure technical inefficiency witnessed in the Malaysian Islamic banking industry during the scope of study. It was further established that foreign Islamic banks have higher technical efficiency compared to domestic Islamic banks in Malaysia. Sufian (2007a) further proved that Malaysian Islamic banks in year 2002 declined in efficiency. However, the banks have slightly recovered in 2003 and 2004 consecutively. Based on the DEA method adopted in the study, it was established that Malaysian domestic Islamic banks are more efficient compared to foreign Islamic banks in Malaysia, though with slight difference. The study proved that the cause of inefficiency in the Malaysian Islamic banks in general was as a result of wrong scale of operations.
In an empirical study conducted by Mokhtar, Abdullah & Alhabshi (2008) on Malaysian Islamic banks for the period of 1997 -2003, the findings of the study show that the efficiency of Islamic bank industry in the country has increased during the study period. However, that of conventional banks remained stagnant over the same time period. As such, the study established that conventional banks are still more efficient compared to the Islamic banks. Rashwan (2010) examined the efficiency and profitability of both Islamic and conventional banks. The study focused on the pre and post 2008 financial turmoil by assessing if there are any major differences in the performance of the two systems. The study adopted MANOVA methodology to analyse the financial secondary data for the sample banks in the region. The study found there are statistically significant differences between the performances of the two banking systems in 2007 and 2009, while no statistically significant differences were obtained in 2008. The study revealed that Islamic banks outperform conventional banks in 2007 and conventional banks perform better than Islamic banks in 2009. Abdul-Majid, Saal & Battisti (2011) examined the efficiency of Malaysian commercial banks during the period of 1996 to 2002, and focuses on examining the impact of Islamic banking on its performance. The study revealed that Islamic banking is lesser in the input efficiency vis-à-vis cost efficiency. However, the full-fledged Islamic banks have higher productivity efficiency but this is not the same with conventional banks with Islamic window.
Apart from the studies reviewed above, nothing has been published that examined the efficiency of Islamic banks to assess their efficiency between when they were Islamic banking windows and when they transformed into full-fledged Islamic banks that are now full subsidiary of their parent banking group in Malaysia. In light of this knowledge gap, this study seeks to provide an empirical evidence to fill this apparent research gap vis-à-vis efficiency in the Malaysian Islamic banking industry.
Approaches to Measure Bank Efficiency
Generally, to establish the approach to assess the efficiency of banks, previous studies viewed banks from two main perspectives. The approaches are the intermediation and the production approach (Akhtar, 2010; Sufian, 2007b; Sufian & Haron, 2009 ).
The production approach on the one hand explains banking activities as production of services. This approach defines banks as manufacturer of loan to borrowers and deposit operators to depositors using capital and labour. This approach adopted traditional production factors, land, labour and capital as inputs used to generate desired outputs . However, the production approach is said to be predominantly suitable for banks that involves in transaction of channelling the bulky deposits and money obtained from other financial organizations into loans and investments (Favero & Papi, 1995) . Moreover, interest expenses is not inclusive in the summation of total costs under the production approach, thus only operating costs are considered and output is determined by the number of accounts serviced rather than monetary values (Hassan, Mohamad, & Bader, 2009 ).
The intermediation approach defines banks to be seen as a mediator of monetary transactions. As was recommended by (Sealey & Lindley, 1977) this approach presents a bank as an intermediary that takes deposits from customers using labour and capital. These deposits are considered as inputs to the banks and are lent out to other customers that want to borrow money in form of loans and advances which are considered as output to the banks. Hence, this approach assumes banks to be a mediator between depositors and loan takers (Hassan, et al., 2009 ). Intermediation approach is arguably, the most globally accepted approach used to measure bank efficiency (Kwan, 2003) . Berger & Humphrey (1997) opined that this is because it includes interest expenses (interest paid to depositors). The interest expenses, often amounted to the half of the total costs of the banking operating expenses (Hassan, et al., 2009) .
Though, some studies mentioned that production approach is more suitable to measuring bank's branches efficiency, reason been that at branch level customer documents are managed for the banks as a whole (Kwan, 2003) . The intermediation approach is adopted by this study based on the following grounds: First, this study is assessing the whole banks efficiency and not branches. Secondly, the intermediation approach is widely adopted (Kwan 2003) . Finally, the Islamic finance structure principle is based on profit sharing and asset-based financing where the parties involved in the transaction bear the losses or profits based on agreed ratio. These principles show importance of intermediary activities. Also other studies such as Hassan & Hussein (2003) , Hasan (2005) and Sufian (2006) just to mention but a few have also used this approach to measure Islamic banking efficiency.
METHODOLOGY
Data
This study assesses bank efficiency of domestic Islamic banks in Malaysia with focus on five domestic Islamic banks out of eight as listed by the Bank Negara Malaysia (Bank Negara, 2012). They are: Affin Islamic Bank, RHB Islamic bank, Public Islamic Bank, Hong Leong Islamic Bank, and May Bank Islamic. These five banks started as Islamic window and has since transformed into full-fledged Islamic banks as subsidiary of their parent conventional banks. As such, data were collected from these companies' annual reports covering the period In spite of enormous literatures on bank efficiency, there is no format or agreed principles among scholars on what can be used as inputs and outputs variables in assessing efficiency of banks. One study's input variables might be used by other as output variables and vice versa (Mokhtar, et al., 2008) . It is generally acceptable that the selections of variables in bank efficiency research drastically affect the outcome of the study (Sufian & Noor, 2009 ). This issue intensified due to the fact that choosing variables are usually made difficult by the scarcity of data on relevant variables. Aside that, measuring costs as in banking in particular is difficult. This is because most of the financial activities are mutually produced and prices are usually allocated to group of financial services (Sufian & Noor, 2009 ).
Input and Output Variables
To make choice of inputs and outputs variables, this study adopted the inputs and outputs variables as used by (Sufian & Noor, 2009 ). This study collected data on two input variables and three output variables. The output variables are: total loans denoted by (Y1), which consist of loans to customers and other banks; income denoted by (Y2) which consist of income derived from investment of deposits and other proceeds from other Islamic banking activities; and the last is the investments denoted by (Y3) which consist of investment securities held for trading, investment securities available for sale, and investment securities held to mature. The input variables on the other hand are; total deposits denoted by (X1) which consist of deposit from individual customers, organizations and other banks; and capital denoted by (X2).
Data Envelopment Analysis
Data Envelopment Analysis, DEA is used as the tool of analysis. This study adopted Fare, (Färe, Grosskopf, & Roos, 1998) approach to DEA to measure the efficiency of the banks, comparing their performance when they were operating as Islamic window and their performance as fullfledged Islamic banks. The Fare, et al., (1998) approach to DEA, employed output-oriented Malmquist Index (MI).
The MI is built using the DEA and this research used DEA software program developed by Coelli (1996) called DEAP version 2.1. The MI was chosen because of its desirable features that seem to be suitable for this research. This method does not require the normal norms such as profit optimization or cost reduction. This appears to be suitable for this research, because measuring cost minimization may prove difficult to measure efficiency. This is so given that the actual costs attributable to the banks when they are Islamic window are difficult to establish. For example, it would be difficult to measure other administrative expenses such as rental expenses, electricity bill, water rate and so on that is attributable to Islamic window.
Due to it features and merits, a lot of literatures have used the Malmquist productivity indexes in DEA. A few of those studies are Fare, Grosskopf, Norris & Zhang (1994) which used this model to analyse the productivity comparison between countries, while Tauer & Lordkipanidze (1999) and Koo & Mao (1996) used this approach to examine economic sectors such as agricultural sector. (Alam & Sickles, 1997) used this approach to examine productivity efficiency of airlines. Also (Calabrese, Campisi, & Mancuso, 2002) used this approach to examine efficiency of telecommunications industry, while (Mlima & Hjalmarsson, 2002) adopted this approach to measure production efficiency in banking and (Avkiran, 2001 ) used this approach to examine efficiency in the universities.
The DEA approach used in this research expresses the output-based MI productivity between time periods (t) and (t + 1) which can be mathematical expressed into two equations as express by Fare et al (1989 cited in Wahab and Rahman, 2012 ) .
(1) (2) (3) (4) From equation (1) above, denote the distance between the period (t + 1) inspection to the period t technology, where x and y represent input and output in that order. Equation (1) can be re-written following (Färe, et al., 1998) as follows:
In equation (2) . That is:
Equation (3) examines the level at which the production procedure changes inputs into outputs (to meet up to the frontier) and equation (4) examines the development in technology. Improvement in the productivity yield in MI is represented by values that is more than 1 and if performance is declining over the year, it is represented by values less than 1 (Färe, et al., 1994) . This explanation is used to explain the values of each of the element of the general Total Factor Productivity (TFP) directory. If the value of MI is greater than 1, then it is considered to be efficient indicating improvement in the productivity. Also if the value of the technological change element is more than 1, it is referred to as efficient in the technology advancement.
From equation (4), distance is measured for each operative in each pair of duration by means of mathematical programming method. DEA is based on the assumption that k = 1, where k are organizations (in this case banks) that produce m = 1. M denote outputs y t k,m , whereas N=1, where N denote inputs x t k,n , at every time period t=1, T.
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In equation (5) stand for the weight on each exact cross-sectional examination. Using (Afriat, 1972) theory, to allow the Variable Returns to Scales (VRS), CRS have to be relaxed by adding the following constraint:
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is the same as Equation (8), anywhere t + 1 is replaced by t. To calculate the MI, it also requires the construction of two mixed-distance functions that is calculated by evaluating the observation in one time period with the best practice frontier of another time period. The opposite of the mixed-distance function for observation k' can be obtained from:
Therefore, in order to calculate change in scale efficiency under the VRS technology, the contrary output distance functions must also be measured merging equation (6) into the restrictions in equations (8) and (10). Technical change can be measured in relation to the CRS technology. Scale efficiency change in every time period is measured in percentage of the distance function fulfilling CRS in relation to the distance function in VRS. Pure efficiency change on the other side measures the percentage of the own-period distance function in each period in VRS. These two distance functions will break down equation (2) to become: 
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Where
It is worth to note that if technology in actuality shows CRS, the scale change factor will equal to 1 and it will be equivalent to equation (2).
RESULTS
The table 1 below is the descriptive statistical analysis of inputs and outputs of Malaysian Islamic banks under study for the period of 2002-2011. The table shows the mean, median, maximum, minimum and the total of both the inputs and outputs. Among the banks, May Bank Islamic has the highest amount of total deposit, capital, total loan, income and investment. This is generally expected given that May Bank is Malaysia's biggest bank and among the early starters of Islamic banking. Affin Islamic Bank has the lowest number of total deposit, capital, total loan, and income, except for investment; where Public Bank Islamic records the lowest figures. Moreover, Table 1 
The table 1 below is the descriptive statistical analysis of inputs and outputs of Malaysian Islamic banks under study for the period of 2002-2011. The table shows the mean, median, maximum, minimum and the total of both the inputs and outputs. Among the banks, May Bank Islamic has the highest amount of total deposit, capital, total loan, income and investment. This is generally expected given that May Bank is Malaysia's biggest bank and among the early starters of Islamic banking. Affin Islamic Bank has the lowest number of total deposit, capital, total loan, and income, except for investment; where Public Bank Islamic records the lowest figures. Moreover, Table 1 below indicates that over the last nine-year in the sample period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , the total maximum loan obtained from the Islamic banking operations from all the five banks increased by 445%. That is, from RM8.25 billion in 2003 to RM45.84 billion in 2011. This indicates that the responsiveness of Malaysians towards the Islamic banking and finance during these years has increased tremendously. During the years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) , the total maximum income generated from the Islamic banking operations from all the five banks increased from RM264 million in 2003 to RM1.39 billion in 2011. The total income increased by 426%, and this indicates that Islamic banking operations generate substantial amount of income to the banks. This should have significant implication for improved performance of their parent banks.
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Efficiency of the banks, 2003 to 2011 (VRS)
From Table 2 
Efficiency of the banks, 2003 to 2011 (CRS)
Also, under the CRS starting from 2004 -2007 majority of the banks are efficient. This indicates that those banks are able to produce 100% of their potential output during those years prior to starting operations as full-fledged Islamic banks. Again, the only exception is May Bank Islamic that produced 55.2% of its potential output in 2006. Contrary to the result under VRS in Table 3 , most of the banks are found to be inefficient under CRS in Table 4 AFFIN BANK 1.000 1.000 1.000 1.000 1.000 0.733 0.966 1.000 1.000 2 HONG LEONG BANK 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 3 MAY BANK 1.000 1.000 1.000 0.957 1.000 0.955 1.000 0.995 1.000 4 PUBLIC BANK 1.000 1.000 1.000 1.000 1.000 0.763 1.000 1.000 1.000 5 RHB BANK 1.000 1.000 1.000 1.000 1.000 0.257 1.000 1.000 1.000 MEAN As shown by the mean scores in Table 3 
Production Performance for Each Bank
The result shown in Tables 4 to 6 
2010-2011
2008-2009
2006-2007
2004-2005 NO
most excellent practice with appropriate performance or rather in relation to the most excellent practice in the sample. Table 4 exhibits the change in the Malmquist-based TFP index. As shown in Table 5 
FINDINGS
Result from Table 6 presents the relative change efficiency for each bank. The findings show the significant difference among the banks and periods. Most of the banks are found to be efficient from 2004 to 2007. A plausible reason could be the global financial crisis that became pervasive since around 2008. As noted by Derbel, Bouraoui & Dammak (2011) , the Islamic banking and finance industry was also mildly affected by the crisis as reflected in their relatively dismal performance during the period. As such, for the rest of the years the banks experienced fluctuation in their efficiency; that is the efficiency increased more than 1 in some period, and less than 1 in some other period or the efficiency remained constant -that is no changes in efficiency.
In addition, the findings revealed that majority of the banks have constant efficiency from [2004] [2005] [2006] [2007] . During this period most of the banks operated their Islamic banking operations as a window within their parent banks. The reason for this could be to some extent that the operations of the conventional banking operated side-by-side with the Islamic banking operations thereby supporting the efficiency of the Islamic window. There is also a possibility that the activities of the conventional banking operations significantly increase or stabilize the Islamic banking operations during those periods. It could be that conventional banking operations help Islamic banking operation in areas such as loans and advances, capital market investment and money market investment since both banking operations will at the end of the year report a single financial report. Moreover, Samad (2009) noted that the Islamic banking windows demonstrate efficiency if they could leverage on the operational efficiency of the existing conventional banking arrangements within their banks.
It is likely that the motive for running both banking operations (conventional and Islamic) is to generate more returns to the banks. As such, it can be argued that efficiency is maintained during those periods because the banks appear to be able to reduce their personnel and capital expenses. For instance, same staffs that are used to operate the conventional banking operations also operate the Islamic banking operations. This, perhaps save the banks some money, unlike when they operate as a full fledge Islamic bank, in which case as a subsidiary their operations is totally separated from the conventional banking system. This aligns with the opinion of Berger More so, efficiency can also be maintained due to capital expenditure -the capital expenditure was borne by the whole bank not the Islamic window. For example: building rent, electricity bill and other maintenance expenses. All the expenses will not affect the operation of the Islamic window thus they will be efficient since the input will be low in terms of expenses and output is maximized. Based on the years under examination, this study findings show that, RHB Bank has the highest level of efficiency change with 92.3%, Public Bank takes second position by recording 32.7%, the next is Affin Bank with 11.8%, followed by May Bank with 5.7% and Hong Leong Bank is found to be the only bank that experienced efficiency deterioration with (-0.1%). This is notwithstanding the fact that Public Bank has the highest level of efficiency 
CONCLUSION
This study compared the efficiency of five Islamic banks in Malaysia during their operation as Islamic window and later transformation to a full-fledged Islamic bank. The aim is to fill an apparent dearth of empirical studies in this context, especially in the case of Malaysia as a hub of the burgeoning Islamic banking and finance industry. Data envelopment analysis is used to assess both the technical and scale efficiency of the banks under sample. Sequel to the results obtained the following conclusion is made in this study.
From the analysis in this study, the efficiency scores for the bank as an Islamic window are relatively better compared to subsequent efficiency scores obtained for same Islamic banks as a full-fledged subsidiary. As such, a conclusion may be that Islamic windows are more efficient than full fledge Islamic bank.
Moreover, year of commencement of operation seems to exert so much influence on efficiency at least in the context of the Islamic banks under sample. Based on this study's analysis, banks that have longer years of operation of Islamic banking and finance as windows (May Bank and Public Bank) are more efficient compared with banks that started full fledge Islamic banking early (RHB Bank and Affin Bank). Therefore, this study can conclude that years of existence determine efficiency.
Based on the summary of the MI productivity means of the banks; it is indicated that the Total Productivity Change has been improved over the years covered. However, it will be important to point out here that the improvement in the Total Productivity Change is as a result of increase in both technical change and efficiency change, and with the latter enjoying prominence. It is thus concluded that Islamic banks should leverage more on technological knowledge to be able to optimize the technical procedure so as to enable them increase their competitive edge in the future.
